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Crop Science/ Original Article
Technical thinning age 
of eucalyptus trees grown in 
crop-forest integration systems
Abstract –The objective of this work was to determine indicator methods that 
help to establish the first thinning age of trees to be used in crop-livestock-forest 
integration systems based on the relationships between eucalyptus growth 
and soybean and corn production. The experiment followed a completely 
randomized block design, with four replicates and three production systems 
(crop monoculture, forest planting monoculture, and crop-forest integration). 
The percentage of entries and Veiga’s methods, as well as the target growth 
rates, were assessed to set the thinning age to be adopted for integration 
systems. The percentage of entries method, the age of the maximum mean 
annual volume increase, or tree age when diameter growth stagnation occurs 
did not prove adequate as a reference for thinning, when yields of agricultural 
crops are not jointly monitored. Methods focusing on controlling the basal 
area and target diameter increase are feasible to define the technical age for 
thinning implementation and control.
Index terms: agroforestry systems, land equivalent ratio, percentage of 
entries method, Veiga’s method.
Idade técnica do desbaste para eucalipto em 
sistema de integração lavoura-floresta
Resumo – O objetivo deste trabalho foi determinar métodos indicadores 
que ajudem a estabelecer a idade do primeiro desbaste para as árvores em 
sistemas de integração lavoura-pecuária-floresta, com base nas relações entre 
o crescimento do eucalipto e a produção de soja e milho. O delineamento 
experimental utilizado foi o de blocos ao acaso, com quatro repetições e 
três sistemas de produção (lavoura em monocultivo, plantio florestal em 
monocultivo e integração lavoura-floresta). Para a determinação da idade do 
desbaste nos sistemas de integração, foram avaliados os métodos dos ingressos 
percentuais e de Veiga, bem como a taxa de crescimento meta. O método dos 
ingressos percentuais, a idade do máximo incremento anual em volume ou a 
idade da árvore quando ocorre a estagnação do incremento diamétrico não se 
mostram adequados como referência para desbastes, quando a produtividade 
agrícola não é monitorada de forma conjunta. Os métodos fundamentados 
no controle da área basal e do incremento diamétrico meta são viáveis para 
definir a idade técnica de realização e controle dos desbastes.
Termos para indexação: sistemas agroflorestais, razão de área equivalente, 
método de ingressos percentuais, método de Veiga.
Introduction
Silvipastural and agrosilvipastural systems comprising eucalyptus 
trees stand out as a dynamic proposition to integrated and sustainable 
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soil management processes focused on timber, grains, 
meat, or milk production in a single area (Macedo 
et al., 2015).
Trees work as windbreaks and can help with the 
control of erosion processes, as well as they conserve 
and improve soil microclimate and physicochemical 
properties in integration systems. However, they 
compete with crops for environmental resources, such 
as light, water, and nutrients, and such competition may 
obliterate the potential benefits from these systems 
(Reynolds et al., 2007; Mugunga et al., 2017).
Bertomeu (2012) suggested alternatives to increase 
the financial viability of agricultural crops grown in 
agroforestry systems. Examples of such alternatives 
concern the increasing of distances between tree rows, 
properly selecting forest and agricultural species, and 
adopting silvicultural techniques such as thinning and 
pruning.
Thinning is one of the main tools used to manage 
forest species. It is adopted to manipulate the 
competition between trees, and to concentrate the 
production increase in a small number of individuals 
remaining in the field until the final cut (Schneider & 
Schneider, 2008). Thus, thinning procedures help to 
increase usable timber production during the forest 
stand rotation, as they make more space available for 
the remaining trees to grow (Ashton & Kelty, 2018). 
Moreover, these procedures control the competition 
between forest species and agricultural and forage 
crops, maximizing the overall yield and system 
profitability.
One of the biggest issues regarding thinning 
process definitions lie on identifying the time when 
the competition between trees should begin, since 
the aforementioned technique should be applied a 
few months before such competition starts (Paiva & 
Leite 2015). The technique should be applied before 
significant losses in the overall yield of the system are 
recorded in integration systems.
The correct age to proceed with the first thinning 
in forest stands is to set it through silvicultural criteria 
combined with professional experience (Schneider 
& Schneider, 2008). However, the adopted criterion 
should be directly, or indirectly, associated with the 
diameter or volume growth rate (site quality), in order 
to allow of the identification of the growth stagnation 
age. According to Ashton & Kelty (2018), the diameter 
growth rate is the simplest and the best criterion 
to determine the thinning time, and its application 
requires the setting of the target growth rate, as well as 
the performing of thinning procedures when this rate 
is no longer met. The method presented by Veiga (1962) 
lies on adopting the aforementioned principle, which 
depends on continuous forest inventories to define the 
growth rate in the basal area. This rate is expressed 
through the mean square diameter, and thinning is 
performed as soon as it becomes lower than 15%.
Based on Reis et al. (2014), the maximum age 
for the mean annual increment (MAI) in volume 
may also be the reference for shallow cuttings or 
thinning applications. This criterion derives from the 
competition between trees, which is already established 
when the tree population reaches maximum MAI, 
that is, mean yield matches the growth rate after the 
competition was already established.
Diameter-growth stagnation time, basal area, or 
volume, can also be found by monitoring the tree 
diameter distribution over the years. The method of 
percentage of entries takes into consideration the 
population growth dynamics based on the successive 
entry of trees into new diametric classes. The thinning 
time corresponds to the age at which the entry of trees 
into new diameter classes is no longer significant 
(Leite et al., 2005).
Eucalyptus, soybean, and corn account for most 
of the cultivated areas in the country due to their 
economic potential; thus, it is extremely important to 
match their simultaneous cultivation (Macedo et al., 
2015), in order to optimize land use, profitability of 
the systems, and environmental gains deriving from 
the trees.
The objective of this work was to determine 
indicator methods that may help to establish the first 
thinning age of trees to be used in crop-livestock-
forest integration systems, based on the relationships 
between eucalyptus growth and soybean and corn 
production.
Materials and Methods
Data were collected during the experiment carried 
out in October 2011, in the experimental field of 
Embrapa Agrossilvipastoril, in the municipality of 
Sinop (11°51'S, 55°35'W, at 370 m altitude), in the state 
of Mato Grosso, Brazil. The climate of the region is 
Aw; with 25.6°C annual mean temperature, 1,974 
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mm annual mean rainfall, dry period from May to 
September, and 284 mm accumulated water deficit 
(Souza et al., 2013). The soil in the experimental area is 
classified as a clayey dystrophic Latossolo Vermelho-
Amarelo, according to the Brazilian soil classification 
system (Santos et al., 2013), and it is distributed on a 
flat terrain.
The experiment followed a completely randomized 
block design, with four replicates, to evaluate the 
following production systems: SBC, soybean and corn 
monocultures; F, forest planting monoculture; and 
CFI, crop-forest integration.
In the SBC, soybean was grown in the summer, 
followed by intercropping between off-season 
corn and Urochloa brizantha 'Marandu' (for straw 
formation purposes). In the F system, eucalyptus 
(Eucalyptus urograndis clone H13) was grown in 3.5 
× 3.0 m spacing (952 trees ha-1). The CFI system was 
composed of triple eucalyptus (Eucalyptus urograndis 
clone H13) rows spaced at 30 m between rows × 3.0 m 
between trees × 3.5 m between rows and the soybean 
crop (SBC).
The experimental units comprised 1 ha covered 
with monocultures (100 × 100 m), and 2 ha covered 
with crops of the integration system (200 × 100 m).
Trees were planted in three-plant rows by adopting 
East-West orientation and 30.0 × 3.5 × 3.0 m spacing 
(initial density of 270 trees ha-1). The fertilization 
consisted of 350 kg ha-1 of simple superphosphate 
applied to the planting furrow. Cover fertilization 
with 100 g NPK 20-00-20 per plant was conducted 30 
days after planting, whereas 40 g N-P-K 20-05-20 m-1 
(linear) was applied one year after planting.
Soybean was sown in mid-October, and the harvest 
was carried out in late February in all five years of 
evaluation. Corn was sown right after the soybean 
harvest, and was harvested in July. Spacing between 
rows in soybean and corn cultivations was of 45 cm. 
The seeder used in the experiment had 4.95 m planting 
range width; thus, 24.75 m were cultivated between 
rows. Therefore, the mean distance between the first 
row in the agricultural crops and the external row in 
the eucalypt tree rows was 2.60 m.
Grain yield in SBC was evaluated by manually 
by collecting two 5 m rows of samples, with three 
subsamples. CFI samples were collected in six 
different sampling points, on a transect line, at 4.0, 
7.5, and 15 m distances in the northern and southern 
sides of the field. Three subsamples were collected 
in each sampling point. Mechanical threshing, grain 
mass and moisture calculation, as well as the grain 
mass correction at 13% moisture, were carried out 
after harvest.
Tree growth and yield data of the F and CFI systems 
were collected in 24 permanent plots (20 in CFI, 4 in 
F), which were measured when trees were 10, 20, 32, 
48, and 56 months old. The CFI plots comprised three 
tree rows – 81 plants, in total (882 m2) – located in 
the center of the central row. Plots of the same size as 
the ones in CFI were installed in the center of each 
experimental unit in the F system.
Tree trunk diameter was measured in centimeters, 
1.30 m from the base (DBH - diameter at breast height), 
with the aid of a diameter tape, whereas the total height 
of all trees (H) was measured in meters, with the aid 
of an electronic hypsometer. Basal area (1) and volume 
(2) were measured in m2 and m3 (individually and per 
unit of area), respectively.
BA = πd2/4 (1)
v = ghf (2)
in which the terms of the equations mean: BA, 
individual basal area (m2); d, diameter measured at 
1.30 m from the soil (cm); h, total height (m); f, artificial 
form factor.
The artificial form factor was found by measuring 
the volume of medium-sized trees that were selected 
based on the mean square diameter. Sixteen trees 
were cut at 27 years of age, taking as reference the 
sample trees of the study of Tonini et al. (2019), and 
other sixteen trees were cut at 48 months of age. Only 
medium-sized trees in the CFI system were selected 
based on the block, on their position in the rows, and 
on their exposure to the sun.
Thus, three medium-sized trees per year, and per 
block, were cut: one in the northern row, one in the 
central row, and one in the southern row. Four trees in 
the F system were cut in each occasion, and one tree 
was cut in each block.
The percentage of entries method (PEM) described 
by Nogueira et al. (2001), the method by Veiga (1962), 
and the target growth rate by Ashton & Kelty (2018) 
were adopted to set the technical thinning age.
The Weibull frequency distribution model (3) was 
adjusted to each sample unit in the CFI system by 
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using the percentile method. It was performed to allow 
of the determination of the entry at ages older than 
those recorded in the last measurement.
f(x) = γ/β (x – α/β)
y–1 exp – (x – α/β)
Y, for x>α, γ>0 (3),
in which the terms of the equation stand for: x, diameter 
class center; α, location parameter; β, scale parameter; 
Ƴ, shape parameter.
Subsequently, distribution parameters were 
estimated through the parameter recovery technique, 
whereas the equation systems by Leite et al. (2005) 
was used to design future diameter distributions.
Diameter distributions were designed for each 
sample unit up to 92 months of age. They took into 
consideration the technical age from 30 to 88 months 
for the first thinning in eucalyptus species (Monte et al., 
2009; Nogueira et al., 2001; Leite et al., 2005; Binoti 
et al., 2010; Dobner Jr. et al., 2012). The differentiating 
diameter and the percentage of entries were calculated 
based on Nogueira et al. (2001), and divided by 
the age (months) in order to find the mean monthly 
percentage of entries (MPE). According to Leite et al. 
(2005), MPE helps better characterizing the linear 
and exponential phases, as well as makes it easier to 
adjust the expolinear model (4). Such model allows of 
the determination of the technical thinning age, since 
it enables the estimation of the technical thinning age 
(TTA) parameter. The Levenberg-Marquardt algorithm 
was used to adjust the aforementioned model:
MPE = b1/b2 ln[1 + e(β2 (t–TTA))] + ε (4)
in which: MPE is the monthly percentage of entries; t, 
population age (months); β1 is the parameter indicating 
the absolute maximum increase in the percentage 
entry of trees, in the linear phase of the curve; β2, is the 
parameter indicating the maximum relative increase 
in the percentage entry of trees, in the exponential 
phase of the curve; TTA is the parameter indicating 
the moment from the linear to the exponential phase of 
the curve, corresponding to the technical thinning age; 
ε is the random error.
The method by Veiga (1962) defines the growth 
increase rate (T) in the basal area through the mean 
square diameter (5); thinning should be performed 
whenever T is lower than 15%.
T = [D – d/D + d/2] × 100 (5),
in which: D is the current mean square diameter; and d 
is previous mean square diameter.
The target growth rate is obtained by a goal diameter 
growth rate and thin it down when it is no longer 
hit (Ashton& Kelty, 2018). In the current study the 
target diameter ranged from 50 to 70% of the current 
maximum annual increase.
In addition, the biological efficiency of the 
integration system (Mead & Riley, 1981) (6) was 
measured to help with the definition of the thinning 
time. Land equivalent ratio (LER) was the index used 
here:
LER = L1 + L2 = γ1/s1 + γ2/s2 (6),
in which: L1 is the land equivalent ratio in crop 
1; L2 is the land equivalent ratio in crop 2; γ1 is the 
crop 1 yield in the integration system; γ2 is crop 2 
yield in the integration system; S1 is crop 1 yield in 
the monoculture system; and S2 is crop 2 yield in the 
monoculture system.
LER measures the relative efficiency of the system 
in areas subjected to monoculture. LER values higher 
than 1 indicate an overall biological advantage in land 
use efficiency in the integration system, in comparison 
to the monoculture system.
The fit of models used in the current study was 
assessed through the coefficient of determination 
(R2), which was calculated based on Kvålseth, 
recommended to studies focused on assessing the fit of 
linear and nonlinear models. The standard error of the 
estimate (SYX%) was also used in the experiment. Both 
calculations were described by Môra et al. (2014). The 
significance of parameters in the nonlinear models 
was assessed through the confidence interval at 5% 
probability. Additionally, the T test was used to assess 
the significance of parameters in the linear models. 
Pearson’s correlation coefficient was used to assess 
tree height and basal area effects on the agricultural 
yield.
Results and Discussion
The target increment was calculated based on 50, 
60, and 70% of the current annual increment in the 
maximum diameter (which happened for 20-month-
old trees), and set in 3.6, 3.1, and 2.6 cm (Table 1). 
These values are realistic in comparison to those 
recorded in the literature, since there are no published 
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data on this genetic material when plant is grown in the 
edaphoclimatic conditions found in the municipality of 
Sinop, in the state of Mato Grosso, Brazil. Data recorded 
on the diameter increase agree with the results by Reis 
et al. (2014), who stated that the maximum growth rate 
in eucalyptus plantations occurs for trees between 18 
and 30 months of age.
The equation system used to estimate the number 
of trees and the percentage of entries in each sampling 
unit at 20, 32, 44, 56, 68, 80, and 92 months of age was:
N2 = N1 exp(– 423.88(I2
0.001 – I1
0.001)) R2 =15.4, Syx% =19.8
Dmin2 = Dmin1 exp(I2
0.255 – I1
0.255) R2= 52.5, Syx% =19.6
Dmax2 = Dmax1 exp(520.59(I2
0.001 – I1
0.001) R2=36.2, Syx% = 12.98
γ2 = γ1 exp(3,405(I2
–0.307 – I1
0.307)) R2= 85.7, Syx% = 17.3
Β= -14.26 + 9.26 lnγ R2= 0.92, Syx% = 9.7
in which: N1 is the number of trees per hectare in one 
current age; N2 is the number of trees per hectare in 
one future age; I1 is the current age in months; I2 is the 
future age in months; Dmin1 is the minimum diameter 
at a current age, in cm, Dmin2 is the minimum diameter 
at a future age, in cm; Dmax1 is the maximum diameter 
at a current age, in cm; Dmax2 is the maximum diameter 
at a future age, in cm; γ1 is the shape parameter of 
the Weibull function at a current age; γ2 is the shape 
parameter of the Weibull function at a future age, scale 
parameter of the Weibull function.
The equation to obtain the scale parameter (B) was 
obtained in the present study, since there was not a 
good fit for the models suggested by Leite et al. (2005) 
and Nogueira et al. (2006).
The designed diameter distribution (Figure 1) 
conforms to a pattern in homogeneous forest planting 
systems; curves flattened as they moved to the right 
because of the increased number of trees in the largest 
diametric classes, and because of the progressive 
decrease in the entry of trees in new diametric classes.
The most significant entries were recorded up to 
the age of 44 months (Figure 1). There was a gradual 
reduction of entries from this age on, although it was 
not significant until 92 months. The evolution of the 
monthly percentage of entries related to age (Figure 2) 
was not so abrupt in comparison to that recorded by 
Leite et al. (2005) for eucalyptus monocultures.
The aforementioned pattern may be justified by the 
larger spacing between trees adopted in crop-forest 
integration (CFI) systems. Higher growth rates were 
also expected for trees in agricultural areas with high-
soil fertility than in marginal areas often used for 
forestry purposes (Franchini et al., 2014).
Consequently, it was not possible to find any 
convergence or significance in the fit of expolinear 
function parameters such as β1 and TTA, which 
indicated the impossibility of identifying the time when 
MPE becomes nonsignificant, as well as of accurately 
defining TTA by applying the MPE methodology.
Table 1. Dendrometric data on the forest component 
(eucalyptus) in the crop-forest integration system with 
Eucalyptus urograndis clone H13 and soybean in the 
summer, followed by intercropping between off-season 















10 2.4 2.5 0.10 0.19 - 2.39
20 7.5 6.8 1.09 2.37 104.0 5.17
32 11.6 12.2 2.42 5.47 43.5 4.09
44 15.6 15.4 4.11 7.35 29.1 3.91
56 17.6 18.3 5.11 8.33 12.4 2.00
Dg, mean square diameter; h, mean height; BA, basal area; MAI, 
mean annual increment; T, diameter growth rate; CAId, current annual 
increment of diameter.
Figure 1. Projected diameter distribution of trees aged 
from 20 to 92 months in the crop-forest integration system 
with Eucalyptus urograndis clone H13 and soybean in the 
summer, followed by intercropping between off-season 



















Center of diametric class (cm)
20 32 44 56 68 80 92
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MPE = –51.76ns/–0.04 × In[1 + e(–0.01(T–129.72ns))] 
(R2=0.93, Syx%=16.8)
A first thinning at ages greater than 10 years 
(129 months) would have little biological meaning, 
since it should start at early ages, as soon as crown 
competition is established (Ashton & Kelty, 2018). In 
monoculture systems, Binoti et al. (2010) recorded a 
significant decrease in the entry of eucalyptus trees in 
new diameter classes at 58 months of age. Nogueira 
et al. (2001) and Leite et al. (2005) applied the MPE to 
eucalyptus populations, and found a technical thinning 
age variation from 58 to 88 months. Dobner Jr. et al. 
(2012), observed that the first thinning in Eucalyptus 
dunnii stands should be performed when the basal area 
reaches approximately 20 m² ha-1 at 3 years of age.
The method of Veiga (1962), used in the present 
study, made it possible to observe that the technical 
thinning age (TTA) would lie between 44 and 56 
months, since the T value (15%), suggested by the 
aforementioned author, would lie within the range 
between such ages (Table 1). However, such age range 
did not show stagnation in the percentage of entries 
and in the diameter growth (Figure 3); besides, it did 
not maximize the mean annual volume increment. 
This outcome is an indication of no lack of growth 
space and absence of intense competition between 
trees, so far.
However, there was a significant reduction of the 
annual diameter increase between 44 and 56 months 
(Figure 3). Thus, it was necessary to proceed with 
thinning in this age range to maintain the target growth 
rates. At that time, the basal area in the planting system 
lied between 4.10 m2 ha-1 and 5.11 m2 ha-1.
The age range between 44 and 56 months for TTA 
lies within the range used for eucalyptus monocultures 
(36 to 80 months), depending on the site quality 
(Nogueira et al., 2001; Monte et al., 2009; Dobner Jr. 
et al., 2012).
Figure 2. Monthly percentage of entries (MPE) according 
to age, in the crop-livestock-forest integration system 
with Eucalyptus urograndis clone H13 and soybean in the 
summer, followed by intercropping between off-season 
corn and Urochloa brizantha 'Marandu'.
Figure 3. Diameter growth curve (A) and current annual 
increment (CAI) of diameter, with targets based on the 
maximum current annual increment (B) of eucalyptus trees 
grown in the crop-forest integration system with Eucalyptus 
urograndis clone H13 and soybean in the summer, followed 
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Figure 4. Grain yield and its relation to height (A), and 
basal area of trees (B).
There was a significant and negative correlation 
between corn yield and tree height (r = -0.95, p=0.015), 
and between corn yield and tree basal area per hectare 
(r = -0.89, p=0.043) up to the age of 56 months. 
Although the soybean cultivation did not show a 
significant correlation (height – r = -0.68, p=0.197; 
basal area – r = -0.77, p=0.12), the grain production 
started decreasing from the third harvest on, at the age 
of 30 months, when trees were 12 m tall and showed 
2.44 m2 ha-1 basal area (Figure 4). Losses relative to 
monoculture system (without tree effect) ranged from 
0 to 19%, and increased from the fifth harvest when 
trees were 56 months old.
The tree shading effect on corn yield was more 
intense; it led to yield decrease from 0 to 32%, in 
comparison to the monoculture system. A decreased 
corn production was recorded in the second harvest 
(20-month-old trees) and the relative yield was 17% 
lower than that recorded for monoculture systems. At 
that time trees had 6.8 m mean height and 1.09 m2 ha-1 
of basal area. The most significant corn yield reduction 
was recorded in the fifth harvest, when trees were 56 
months old.
The LER value of the CFI system varied from 
1.83 to 2.23, and decreased as the number of harvests 
increased due to augmentation of tree age and 
dimensions, and the decreasing of the relative yield of 
the agricultural crops (Figure 5). However, the overall 
LER values allow of the stating that the CFI showed a 
better soil use efficiency than the monoculture during 
the evaluated cycle.
According to the analysis applied to the LER index 
components, all integration system components 
showed a relative efficiency disadvantage in the five 
harvests. Eucalyptus trees showed 0.25 mean L value, 
with variations from 0.20 to 0.29 that resulted from 
the difference in the initial planting density between 
CFI and F.
Figure 5. Land equivalent ratio (LER) in the crop-forest 
integration system with Eucalyptus urograndis clone H13 
and soybean in the summer, followed by intercropping 
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The L values recorded for soybean cultivations 
ranged from 0.77 to 0.93 (mean value 0.91), whereas 
those recorded for corn ranged from 0.76 to 1.0 (mean 
value 0.86) which indicates a lower relative efficiency 
in corn crops.
The greatest L reduction of soybean cultivation 
occurred from the fourth harvest on, whereas the same 
reduction of the corn cultivation occurred from the 
third harvest on, which corroborates the TTA defined 
by the diameter increase data.
Reynolds et al. (2007) also found a soybean 
production potential higher than that of corn in tree-
shaded environments. In addition, some studies 
mentioned that soybean and corn yield decrease in the 
crop-forest-intercropping systems in comparison to 
monocultures (Macedo et al., 2006; Bertomeu, 2012; 
Almeida et al., 2014; Franchini et al., 2014; Mugunga 
et al., 2017). Soybean yield decrease ranged from 
0.04 to 83% due to the number of assessed harvests. 
In turn, the number of assessed harvests was directly 
related to tree growth and planting arrangement for the 
number of trees in the rows, distance between rows, 
and spacing between trees in the rows, as well as to 
differences for growth (vegetative vigor) and for the 
canopy architecture of forest species, and to the shade 
tolerance showed by the used cultivar. According to 
Mugunga et al. (2017), the decreased solar radiation on 
plants and the competition for water and nutrients in 
the soil are the main factors responsible for corn yield 
decrease.
The basal area proved to be a good parameter to 
indicate the competition between agricultural crops 
and trees. Soybean losses in the monoculture system 
were small until the point at which the crop showed 
4.1 m2 ha-1 basal area, which indicates the maximum 
BA value to avoid severe crop yield decreases.
The method of Veiga (1962) and the target growth 
rate proved to be promising to define the technical 
thinning age in a soybean-eucalyptus consortium. 
However, the diameter growth rate used as thinning 
indicator should not be lower than 29%.
Corn yield decreases were more significant; thus, 
aspects such as a larger initial spacing between rows and 
the reduction of the number of rows should be taken into 
consideration depending on the production priorities, in 
order to help to minimize such yield decreases.
Conclusions
1. Methods focusing on basal area and target 
diameter growth rate controlling are feasible to define 
the technical age for thinning implementation and 
control in the integration system.
2. The method of entry percentages, the age of 
maximum mean annual volume increase, or the 
diameter-growth stagnation age are not adequate to 
be used as reference for thinning, when yield of the 
agricultural crops is not monitored.
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